(I) The CBA inbred strain' 1, 12 at the present time is of particular interest not only for the study of the genetic origin of spontaneous tumors to which they give rise but also for the investigation of the induction of tumors by pure chemicals. Several distinctive types of spontaneous tumor arise in individuals of this strain. Among. these neoplasms may be mentioned carcinoma of the mammary gland, of the lung, and of the ovary; squamous-cell carcinoma of the skin; melanoma; giant-cell sarcoma; and hepatoma. The origin of such a diverse array of tumors in different individuals of the same highly inbred stock of mice suggests, or even emphasizes, the constitutional factor in the onset of cancer. There is strong presumptive evidence that some of the types of tumor could be separated by genetic selection into divergent sub-lines. But the manner in which the strain has been developed,-that of a brother-to-sister mating and the elimination of all sub-lines in each and every generation,-suggests that such a procedure would be extremely difficult. By such a system of inbreeding, all mice in each succeeding generation are descended from only one pair of individuals. This certainly diminishes genetic variability. In spite of this precaution of inbreeding in the most rigid sense of the word, the above array of neoplasms is continually being found.
The history of the induction of tumors by coal tar' 3, 4, 5, 6, 7, 8, 13 has demonstrated the fact that susceptibility to such growths is definitely inherited. According to the work of Lynch,4' 5 6, 7,8 such a transmission is inherited according to the accepted laws of Mendelian heredity. Andervont1 has recently expressed the same opinion relative to the induction of tumors by dibenzanthracene.
The value of the use of individuals of the CBA strain for the present purpose is based upon two features ( 1 ) the demonstration of a constitutional factor in the induction of tumors by pure hydrocarbons, since there obviously is an intrinsic predisposition in these mice to develop a diversity of spontaneous tumors, and (2) the testing out of a possible receptivity of the liver of these mice to a stimulant of bile-duct epithelium.
Spontaneous Hepatomas in CBA Mice Forty-two individuals of this strain have, so far, developed spontaneous hepatomas. These have occurred at an average age of 613 days, and in both sexes at approximately equal rates. A great 336 diversity of liver cell types, ranging from flattened, polygonal, oval, round, and spindle-shaped cells are present in different areas of a single tumor. Certain tumors tend to become angiomatous. The biliary duct system is apparently absent in the sections of hepatoma thus far investigated. It was of interest to ascertain the possible effects of 3:4:5:6-dibenzcarbazole, particularly on the liver of these mice.
(II) The A strain10 of mice has been continued over a period of eighteen years through sixty-four inbred generations. During this time, carcinoma and adenoma of the mammary gland, carcinoma of the lung, embryoma of genital tissues, and leucemia have been detected in different individuals of the strain. No case of hepatoma has ever been seen in a direct descendant of this strain. Individuals of the A strain have consequently been used in this experiment in order to serve as controls in the testing out of the possible constitutional factor involved in the origin of hepatoma induced by a carcinogen. Experimental 1. In the first experiment five male mice of the CBA strain were painted twice weekly during a period of several months with a 0.5 per cent solution of 3:4:5: 6-dibenzcarbazole in benzene. This preliminary experiment was undertaken in order to test out the carcinogenicity of the material as received from London on a strain which normally produces hepatoma. Four of the five mice developed a typical squamous-cell carcinoma of the skin (Fig. 1) at the site of application; one of the mice developed a spindle-cell sarcoma beneath the site of painting; while one of the first four mice also developed a tumor involving both the skin and the subcutaneous connective tissue. This tumor has the appearance, therefore, of a carcino-sarcoma (Fig. 2) placed subcutaneously on the right side of the mouse. A total of 1.2 mg. of the carcinogenic agent was thus injected into each mouse. In order to have the mice reach the approximate age at which spontaneous tumors of the liver naturally arise, only adult male mice were used. Female mice were not used in order to eliminate the possible occurrence of tumors of the mammary gland during the experiment.
The data obtained with the eighteen male mice are given in Table I . It will be noted that mouse No. 122,670 died shortly TABLE I Vital data on the eighteen CBA mice comprising the first injection experiment. Incorporated are data on: age of the mice at the start of the experiment, the time (in days) at which the local sarcoma was detectable, age of the mice when sarcoma was discovered, age when mice died or were killed, and the presence and age of hepatoma at time of autopsy. there is no apparent correlation between these tumors and the injection experiment. However, fourteen of the mice developed sarcoma at the site of injections. All tumors arising at the site of injection appeared to be spindle-cell sarcomas (Fig. 3) , rapidly infiltrating the abdominal wall, growing in the direction of the peritoneal cavity, and not attached to the skin. All occurred in close proximity to retained oil cysts. Several of the mice had two nodules. Five mice in this experiment developed circumscribed liver cell tumors, which were in all respects similar to those arising spontaneously in mice of the CBA strain, but appeared at dates earlier than do the usual spontaneous hepatoma.
The average age of the eighteen mice at the start of the experiment was 316 days. The age at the start of the experiment of the five mice injected with dibenzcarbazole which later developed hepatomas was 390 days; for those mice which developed only sarcoma at the site of the injection without a liver hyperplasia the age was 288 days. The hepatomas, therefore, arose in those mice which were older at the start of the experiment. Thus, it is imperative to approach the approximate age of spontaneous tumors in order to obtain similar tumors in mice receiving 3:4:5:6-dibenzcarbazole. 3 . The third experiment consisted of the injection of twentyfour additional adult males of the CBA strain. Data on the age of the mice at the start of the experiment, the number of days elapsing before the detection of the local tumor, the age at the time the local tumor was palpable, the age at autopsy, and the presence of a hepatoma (H) are included in Table II . The same technic of handling the mice was followed in the second experiment. All mice developed localized sarcoma at the site of injection. Three showed well-formed nodular hepatomas. Twelve of the mice (at autopsy) showed grossly pronounced pathological lesions involving the liver with adhesions to the diaphragm. In many cases the lobes of the liver were greatly shrunken and thickened. In several of these mice, secondary sessile nodules had grown out from the surface of the inflamed liver. These nodules were not regarded as neoplastic. 4 . The fourth experiment consisted of the injection of eighteen adult male mice of the A strain with 1.2 mg. of 3:4:5:6-dibenzcarbazole dissolved in sesame oil over a period of six injections at approximately 7-day intervals.
The data obtained with these mice are given in Table III. One   339 Vital data on the Observation disclosed that a low-grade inflammation in the liver, consisting of scattered foci of lymphocytes, preceded the onset of the local subcutaneous sarcoma. The remaining seventeen mice all developed subcutaneous sarcoma at the site of injection in relation to retained oil cysts. Gross changes in the liver could be detected in approximately fifty per cent of the mice. These changes, shrinkage and thickening of the lobes, simulated to a great degree the changes observed in the livers of mice of the CBA strain subjected to dibenzcarbazole. One apparent difference, however, was the absence of secondary nodules growing out of the surface in the livers of mice of the A strain.
Comparative Data on A and CBA Mice The rate at which local sarcomas appeared in mice of the two strains is given in Chart 1. It appears that mice of the A strain develop local tumors at the site of injection slightly earlier than do mice of the CBA strain. However, this difference is not a strain difference but rather one of age, as the following analysis will point out. When the mice of the CBA strain were separated into three classes depending on age at the start of the experiment, it was seen that mice of the younger group developed sarcomas slightly earlier. These data are given in Table IV. CHART 1. This chart shows graphically the data obtained on the rate at which male mice of the CBA and A strains developed induced spindle-cell sarcoma at the site of injection. The number of days after the start of the experiment is given along the base-line; the percentage number of the mice is given along the vertical line. That is, the data are cumulative in the successive ten-day periods. CHART 2. This chart shows the data on the rate at which male mice of the CBA and A strains developed induced spindle-cell sarcoma. Only mice of the same age group are included. There is obviously no difference between the two curves.
given in Chart 2). When this is done it is obvious that there is no difference between mice of the two strains in their response to sarcoma arising in the retained oil cysts. The rudimentary mammary glands in male mice receiving 1.2 mg. of 3:4:5:6-dibenzcarbazole are uninfluenced, thus demonstrating that the chemical has no detectable estrogenic activity in the mouse. Observation of the testes and male accessory organs gave no evidence of any inhibitory or other effects. Representative animals from the above experiments were examined and showed that there had been no gross effect on either the mammary glands or reproductive tracts. There were no pituitary, thyroid, or adrenal changes detected, nor did the epithelium of the urinary tract disdose pathological changes. Discussion The application of a 0.1 per cent benzene solution of 3:4:5:6-dibenzcarbazole to the skin of mice (Strong CBA strain) produces a variety of pathological effects. Not only are local neoplasms (papilloma, carcino-sarcoma, and spindle-cell sarcoma) produced at the site of painting, but also pronounced changes in the liver with diaphragmatic adhesions are brought about. These liver changes are similar to those described by Boyland and Brues, although the severity of the lesions is somewhat less pronounced. In areas of hepatitis, local overgrowth of biliary ducts and ectasia are brought about. There is no evidence that these bile duct overgrowths are neoplastic for this strain within the limits of the experiment. (Figs. 4, 5, 6 .)
The injection of 1.2 mg. of the same substance dissolved in sesame oil (dosage divided over six injections spaced a week apart) gave consistently a rapidly infiltrating spindle-cell sarcoma at the site of injection, beginning near surviving oil cysts. There apparently is no strain difference in male mice in their response to the induction of sarcoma (for the dosage used, 1.2 mg.); both CBA and A mice developed sarcoma at precisely the same rate after the start of the experiment.
There apparently is an age factor in the induction of dibenzcarbazole sarcoma in mice. These data are presented in Table IV and graphically in Chart 2. In young mice of the CBA strain (which averaged 146 days at the start of the experiment), 97 days were required to produce sarcoma; whereas in mice which averaged 424 days, 148 days were required to produce sarcoma.
The effect upon the liver is variable, depending to a considerable extent upon the strain to which the mice belong. One A male was sacrificed early in order to ascertain the time relationships between the local sarcoma and hepatitis. In this mouse a scattered lymphoid infiltration of the liver was very pronounced even though there appeared to be no sign as yet of a local subcutaneous sarcoma.
The degree of hepatitis appeared to be approximately the same in mice of the two strains. In two particulars, however, the CBA mice seemed to differ from the A mice. No evidence of bile duct overgrowth could be detected in the inflamed livers of CBA mice after subcutaneous injection of dibenzcarbazole. This is in contrast to the painting experiment where this phenomenon had been seen. This difference may be one of time relationship, since in the injection series the mice were all killed within 156 days after the start of the experiment, whereas in the painting experiment the mice were permitted to live for more than 270 days. In A mice, however, a pronounced bile duct overgrowth, frequently with ectasia, was the usual finding after subcutaneous injection. The second difference between CBA and A mice was the fact that eight of the CBA male mice showed definite hepatomas similar to those encountered spontaneously in normal male mice of the same strain. No growth resembling a hepatoma could be ascertained in any A mouse. Thus, hepatomas are produced in those mice (CBA) which have an intrinsic susceptibility to develop spontaneous tumors having the same characteristics at a somewhat earlier age.
One difference was seen in the hepatomas occurring in male mice receiving 3:4:5:6-dibenzcarbazole from those occurring spontaneously in male mice of the same CBA strain. The spontaneous hepatomas have been devoid of all traces of bile-duct epithelium, whereas in the hepatomas occurring in mice receiving the dibenzcarbazole, bile-duct epithelium could be made out in many sections. Hepatomas in treated mice occurred slightly earlier in life than in normal untreated individuals. of the subcutaneous tissues, (c) sarcoma, (d) a low-grade inflammation of the liver, and (e) a hyperplasia of biliary ducts.
2. The injection of 1.2 mg. of the same substance dissolved in sesame oil (dosage divided over six injections) induced sarcoma at the site of injection in 100 per cent of both CBA and A mice at identically the same rate.
3. The injected material produced a low-grade inflammation, of approximately the same severity, in the liver in both CBA and A mice.
